Sacral intervertebral approach to the epidural space was introduced as an alternative to the caudal approach in infants and children in 1987. We performed single-shot epidural anaesthesia in 200 infants and children with this approach using the "drip and tube" method for identification of the epidural space. Identification of the epidural space was marked by commencement of dripping in the chamber of a micro-drip infusion set which was connected to the epidural needle. With the IV extension tube, local anaesthetic solution was injected by the "immobile needle" technique. Overall success rate of the block was 96%. This approach to the epidural space is anatomically easy in in/ants and children, and application of our "drip and tube" method might make the paediatric single-shot epidural anaesthesia safer and more successful.
In infants and children, the sacrum is not fused and consists of five distinct vertebrae. This allows a sacral intervertebral approach to epidural block as introduced by Busoni and Sarti in 1987 1 • They advocated this approach as an alternative to caudal approach in infants and children.
This is a report of our clinical experiences of singleshot epidural anaesthesia with this approach using the "drip and tube" method 2 for identification of the epidural space.
MATERIALS AND METHODS
Infants and children undergoing surgical or oncological procedures below the diaphragm were prospectively studied. Institutional approval and parental informed consent was obtained. The patients received no premedication. One staff anaesthetist and five anaesthesia residents participated in this study. All procedures were carried out in the operating room. Monitoring during anaesthesia consisted of ECG tracing, blood pressure, heart rate, haemoglobin oxygen saturation and end-tidal carbon dioxide. General anaesthesia was induced by facemask with 661170 nitrous oxide in oxygen and sevoflurane. After in-ducti on of anaesthesia, an intravenous catheter was inserted. Intravenous atropine sulfate (0.01 mg/kg) and vecuronium bromide (0.1 mg/kg) were administered to facilitate orotracheal intubation. Those patients managed with laryngeal mask airway were given atropine alone. Anaesthesia was maintained using 3% sevoflurane until the epidural block was achieved.
The patients were placed in the left lateral position with the legs flexed. The posterior superior iliac spines were palpated and a line was drawn between them. This line crosses the second sacral vertebral archl. The SII2 or S2/3 intervertebral space was identified by palpation, 0.5 to 1.0 cm cephalad or caudal to this line. A disposable Tuohy needle (20 gauge, 3.5 cm, Hakko, Tokyo, Japanp was inserted at the chosen space and advanced perpendicular to the skin. The tip of the needle could be in the subcutaneous tissue or in the interspinous ligament. Then the stylet of the needle was removed. The micro-drip infusion set, which was filled with saline and the dripping chamber placed about 50-60 cm above the patient, was connected to an extension tube with Y injection port (6Fr., ATOM, Tokyo, Japan). The distal end of the extension tube was attached to the needle hub and the clamp of the infusion set was fully opened by an assistant. At this moment no dripping should be observed in the dripping chamber. The needle was advanced slowly with both hands. Identification of the epidural space was marked by commencement of free dripping in the chamber. Following the identification, the extension tube was disconnected from the infusion set while the distal end of the tube was kept connected to the epidural needle. The open end was elevated 20-30 cm above the needle and the saline column oscillated in synchrony with the patient's heart beat. If no continuous flow of liquid or blood from the tube was observed when the open end of the extension tube was lowered below the puncture site, it suggested that the needle-tip was not in the subarachnoid space or in the intravascuar space.
The open end was then capped and the local anaesthetic solution was given via the injection port of the extension tube through a 27 gauge needle attached to the syringe. The deadspace of the extension tube was 0.3 ml. The local anaesthetic used was bupivacaine 0.25% with 1:200,000 adrenaline, 0.8 mllkg.
The epidural block was considered successful when no changes in heart rate or blood pressure and no purposeful movements were observed at incision under light general anaesthesia (sevoflurane 1 % in 66070 N 2 0, 34% O 2 ) or when analgesia level was above the incision site after the operation. We determined the analgesia level by skin pinching.
RESULTS
We have administered epidural anaesthesia by this approach in 73 infants « 1 year) and 127 children Appreciable dripping occurred before the tip of the needle entering the epidural space ("false dripping") in six patients. Oscillation of the water column was not seen in these instances. Lateralization of analgesia was seen in two patients. Although in every patient continuous blood return was not observed when the extension tube was lowered, two incidents of intravascular injection (l %) were detected by changes in heart rate. Analgesia was not produced in four patients. No inadvertent injection of local anaesthetic into the subarachnoid space occurred.
DISCUSSION
We found the sacral intervertebral approach to the epidural space in children extremely practical. With experience of the lumbar epidural anaesthesia in adults, this approach is easily learnt by trainees.
In paediatric epidural anaesthesia, the caudal approach is considered easy and widely practised. However, the success rate of epidural puncture on the first attempt with the sacral intervertebral approach was reported as 83%, while the success rate with caudal approach was 70.6%4. An overall success rate of 89.9% was reported with this approach by Dalens and Chrysostome 5 • They suggested that the sacral intervertebral approach was the easiest approach to the paediatric epidural space among sacral intervertebral, lumbar, thoracic and cervical approaches, and our data support their opinion. Our higher success rate over the caudal approach could be attributed to ease in identifying the sacral intervertebral spaces. Ryhanen et al reported that technical failures including difficulties in identifying the sacral hiatus with caudal analgesia were observed in 24.6%6. Veyckemans et al showed that the sacral hiatus was difficult to locate in 11.2 % 7. Identification of the hiatus was significantly more difficult in the patients who weighed less than 10 kg, because of poor anatomy (e.g. barely palpable cornua, narrow hiatus, lower sacral dysraphism) or local obesity ("fatty bottom")'. We easily located the sacral intervertebral space irrespective of body weight of each patient in our series.
Loss-of-resistance (LOR) technique was used to identify the epidural space in previous reports'·5 on this approach. It is not always easy, especially in infants and small children, to advance the needle with one hand, and to push the plunger on the syringe with the other hand at the same time. To make things easier, we applied the "micro-drip infusion" technique to identify the epidural space. With our technique, the anaesthetist can advance the needle with both hands, thus making the grip more sensitive. Although a twohanded grip is possible when using a Macintosh Aflaesthe.~ia und Intensive Care, hJ/. 23, No. 4, August, 1995 balloon, there is no report of the utilization of the balloon in epidural anaesthesia in infants and children. Moreover, air is forcefully introduced into the epidural space. Air used to identify the epidural space by LOR technique may remain in the space and cause neurological complications 9 -11 , incomplete analgesia and unblocked segments 12,13. Recently air embolism has been emphasized as a hazard of epidural puncture I4 -16 . Considering the seriousness of potential acute venous air embolism, it was advocated that safety measures should be taken to limit or completely avoid the introduction of air into the epidural space l4
• The confirmation of epidural entry in infants and children emloying the LOR to injection of saline resulted in more subarachnoid penetrations than the LOR to injection of air in paediatric patients 5 • Our method introduces no air into the epidural space. Supervision of trainees is facilitated as an observer can tell when the epidural space is entered by the commencement of dripping. Slow dripping is sometimes observed even when the tip of the needle is in the loose interspinous ligament in adults 1 ", but in our experience this dripping is rare in children. False dripping is distinguishable from true dripping by its slow dripping rate and absence of oscillation of the water column. The use of extension tubing as described also allows an observer to confirm intra-spinal canal placement with the demonstration of oscillations, and absence of dural puncture if there is no CSF flow. The dural sac is said to end at S3-4levels at birth and at S2 level (adult level) during the second year of life l8 • Therefore, in this approach inadvertent dural punctures can occur, although we did not experience this complication in this series.
To minimize the risk of inadvertent needle displacement we have applied so called "immobile needle technique"19. In addition, the local anaesthetic solution is injected through a 27 gauge needle attached to the syringe. This made it possible to prevent "bolus" injection into the epidural space, which could result in unexpectedly high block, and acute rise in cerebrospinal pressure resulting in apnoea 20. In conclusion, the sacral intervertebral approach to the epidural space is anatomically easy in infants and children, and application of our "drip and tube" method might make the paediatric single-shot epidural anaesthesia safer and more successful.
